INTRODUCTION
THIS paper reviews the results of tests on more than 5,ooo sera from unselected patients, some suffering from gonorrhcea or syphilis or both, and others with no venereal disease or history of such.
In this country the complement fixation test for gonococcal infection appears to have been practised comparatively little, a neglect which is undeserved, and probably due to the fact that its value as equal to that of the Wassermann reaction has not been recognised. On the other hand, considerable attention has been paid to it on the Continent and in America.
THE HISTORY OF THE TEST Whilst the methods of complement fixation had been studied in a general manner for some years, it was only after the work of Wassermann and Bruck that the method was applied to the diagnosis of a variety of infections. Muller and Oppenheim 1 were the first (I906) to show that whereas the serum of a patient suffering from gonococcal arthritis proved capable of fixing complement in the presence of an " antigen " in the form of an extract of gonococci, serum from patients suffering from arthritis due to other causes did not cause this fixation of complement. sera capable of fixing complement in the presence of an "antigen " consisting of a watery extract of gonococci.
A probable explanation of the failure, or apparent failure, of the test to detect all cases of gonococcal infection was provided by Teague and Torrey 3 (I907), who showed that gonococci could be divided into at least three groups, since certain strains of gonococci, which in complement fixation were strongly specific for their homologous anti-sera, failed to produce complement fixation in the presence of anti-sera from certain heterologous strains.
The specific nature of the reaction was supported generally by those workers who investigated the matterVannod4 (I907) and Krumbein and Schatiloff 5 (i9o8)-showing that the reaction was not given by anti-meningococcal sera with an antigen composed of gonococci, though Wollstein 6 (I907) considered that strict specificity between the meningococcus and gonococcus was lacking.
Later, Arkwright 7 (I9I2) also produced evidence that the meningococcus might provide a serum reacting with gonococcal antigens.
Other papers appeared showing that the complement fixation test was positive with certain cases of gonorrhoea but negative with others, but the number of cases quoted in most papers tended to be small until in I9II Schwartz and McNeil 8 published considerable observations on the method. These workers confirmed the earlier work, including that of Teague and Torrey, in regard to the multiplicity of strains. The antigens used, therefore, were made from many different sources, apparently in the hope that in this way all strains might be accounted for and represented. The results in over 300 cases showed that the reaction became positive some three to four weeks after infection and tended to disappear six to eight weeks after cure. These authors considered the test to be absolutely specific.
Many other papers were written during the next three years which showed the test to have very distinct possibilities, but in all the failure to react in every case was shown.
The antigen varied with the different workers, most of whom used some type of extract of the gonococcus, and others mere suspensions of the organisms. Van Saun 9 (I9I2) studied the effects of the culture medium on the quality of the antigen produced and showed that this factor was not an important one.
Harrison 10 a reading of exactly pH 7-o. The antigen prepared from each strain is separately tested. It is titrated for anticomplementary activity, which should be low, and is further put up with several known negative sera under the conditions of the test. Not more than half the amount which just fails to inhibit haemolysis under such conditions is taken as the standard amount. Thus, say the antigen allows complete haemolysis at a dilution of I/I0 with a known negative serum and 3 m.h.d. of complement, whilst there is only partial haemolysis at a dilution of I/7.5, the provisional titre is taken as I/20. The antigen must then be put up with a large number of sera in parallel with a standard compound antigen (containing a number of strains), and if it gives good results it is adopted; if not, it is discarded. In this way a number of simple antigens are prepared, and when twelve or more have been collected they are pooled, the amount of each being in inverse proportion to its titre; that is to say, if two antigens give titres of I/20 and I/40 respectively, two parts of the former would be taken with one part of the latter. Finally, when a sufficient number of simple antigens have been collected and pooled, the antigen prepared in this way is titrated out in a similar way to the simple ones before being taken into use. The process is an extremely laborious one-but after a trial of many methods has given by far the best results. Warden 25 contends that the fatty and lipoidal portions of the autolysate of gonococci possess more antigenic power than the water-soluble nitrogenous parts. Using alcoholic extracts of the organism this worker obtained a higher percentage of positive reactions in the early stages of the disease, and the positive reactions were given over 288 a longer period during treatment. It would appear, therefore, that the test is more sensitive when carried out with these alcoholic extracts, but so far as we are aware this work has not been extended or confirmed by other workers except with reference to the test as applied to the diagnosis of tuberculosis. Whatever the method of preparation of the antigens, advancing knowledge and greater experience of the -test have shown very clearly the advantages of the polyvalent over the monovalent preparation.
The factors which govern the production of antigens of great sensitivity, specificity and low anti-complementary activity are little understood. The work of Van Saun is not conclusive. Thomson has shown that with his method of preparing antigens the effectiveness of the preparation is governed by the factors of concentration of the extracted substance, thoroughness of the solution, reaction of the finished product and, finally, of the saline content.
Reference has already been made to the importance of different strains of gonococci in the preparation of successful antigens. Teague and Torrey were the first to show that differences in the gonococci composing them explained why some antigens would react with certain sera only. These workers considered that three strains of gonococci could be assumed. Although the term " strain " had been much employed by various workers, it was not until the work of Atkin 26 (I925) that the question was very fully investigated. Prior to Atkin's work several had divided gonococci into groups by precipitin, absorption, or agglutination reaction or complement fixation, the general tendency being to describe several groups. Atkin divides the organisms into two groups or types only, and shows that there is a possibility of a slow change from one type to the other. In this way no arbitrary number of fixed serological groups can be assumed, and it is evident that the cultures may differ slightly from each other in a greater or lesser degree, depending on Having set out in tabular form the results obtained in a large series of cases and pointed to the evidence of specificity, it would seem to be desirable to examine and discuss certain types of cases, the interpretation of results in general, and at the same time to consider the views of other workers with the test.
There can be little doubt that frequently, both clinically and pathologically, anterior and posterior urethritis are to be considered almost separate conditions; even those who would deny the truth of a clinical distinction are forced to admit the pathological one.
So long as infection is strictly limited to the anterior urethra the disease is likely to be a localised one; immediately the posterior urethra is infected there is imminent danger of complications, even of metastatic ones. Certainly there appears to be little production of complement fixing antibody in the case of strictly anterior urethral infection, as shown by the results in most of the very early cases. Very soon after the posterior urethra is infected such antibody is produced in much larger amount and the test becomes positive. Since the infection of the posterior urethra is a variable occurrence in point of time, so is the change from the negative to the positive complement fixation reaction. Our figures show only I4 per cent. positives during the first ten days of the disease, whereas by twenty-one days there are 50 per cent. This figure is increased to only 70 per cent. by the lapse of a further period up to one year, and it is therefore reasonable to consider the period ten to twenty-one days as being the chief period of production of positive results. Such cases as are provoked to reaction before are in most instances infections of the posterior urethra in the male. 294
In the case of the female the peak in the percentage of positive results is reached at the same time period, ten to twenty-one days, probably as a result of definite infection of the cervix uteri, but more definitely so than is the case with the male, since the percentage does not rise appreciably with the lapse of the further time up to one year (ten to twenty-one days 54 per cent., over twenty-one days 56 per cent.). It is interesting to compare and contrast the views of other workers.
Dixon and Priestley (I9I9) considered a strongly positive reaction to be an indication of active gonococcal infection; that a single negative result was of no value, but that if a second one were obtained at an interval of two to three weeks after the first, this could be taken as strong presumptive evidence against infection. These workers emphasised the value of the positive result in regard to prognosis, stating that cases which were doing well showed a positive result in nine to ten weeks, with subsequent fall, and even expressed the opinion that cases could not be considered to be doing well until the positive result had been obtained.
The administration of ordinary vaccines was found to be almost without effect on the reaction, but detoxicated vaccines, probably by reason of their greater dosage, raised its strength. This artificial raising of the strength of the reaction was found to be without the good import in regard to prognosis that the normally occurring one was.
Walker (I922) 28 iS one of the few who consider the fall of the reaction to negative with cure. His cases ceased to react in most instances after three months. Six weeks was sufficient for the disappearance of the reaction in those patients who had been without any kind of complication.
D'Ath, Steenson and Williams (I924), 29 using a similar technique to our own, concluded that patients without gonococcal infection, old or recent, failed to react to the test, and that, exceptionally, patients were met with who were reacting to treatment so well as to go through the course of the disease without ever having reacted to the test. As others had done before them, these workers found that the acute and subacute cases frequently failed to react in the earlier periods. Persistent, strong positive reactions were indicative of con-295 tinued infection; a sudden rise in the strength of the reaction was often associated with the onset of some complication, and the strongest reactions of all were found in cases of metastatic gonococcal infection. As regards fall in the strength of the reaction, these workers considered a gradual decline to indicate a satisfactory progress. Ordinary vaccines in doses up to 250 millions were found to be without effect on the reaction. Lastly, the test must be considered as of great value in the diagnosis of chronic infections. Zoon (I928) raises the question of whether a positive result very early in the course of a case, and before posterior urethritis is obvious, is of bad import or not. The question is not fully answered, and we are not prepared to dogmatise. General experience, however, leads us to believe that the reaction may indicate a bad prognosis in this manner, because it may be due to extension of the mischief before this gives rise to any definite clinical signs. Zoon states that the test is specific as applied by his technique, is of great diagnostic value in cases of complicated gonorrhoea in the male, adnexal inflammations in the female and in cases of arthritis. He says that the test is of no value in the diagnosis of vulvovaginitis in children, a statement with which the authors are inclined to agree, though their experience in this class of case has been very limited. As a result of specific study this author is able to state that syphilitic infection does not lead to fixation of complement in this test; this has also been our general experience and has been specifically studied in the work of one of us (J. 0. 0.), already referred to.
It is well known that gonococci have been cultivated from the blood stream in the early stages of gonorrhoea. Some believe the infection to be commonly a bloodstream one. That such infection if frequent must be minimal and transitory is evidenced by the high percentage of negative complement fixation results obtained in the early stages of the disease. Any appreciable bloodstream infection would surely provoke a greater antibody response.
Regarding the disappearance of a positive reaction, we have already expressed the opinion that we do not regard the persistence of a positive reaction as absolute proof of a failure to cure, though we would qualify such a state-296 ment by pointing out that before neglecting a persistent reaction as being of no import we would repeat the tests at an interval of a few weeks in order to ascertain if the reaction has diminished in strength. As we have already shown, other workers believe that with cure the reaction very rapidly, that is to say, within a few weeks, falls to the negative. In our experience such a course is not usual, and we have many cases which clinically and bacteriologically are to be considered as cured, and which even subsequent history likewise fails to incriminate, which have provided very slow falling off in the strength of the reaction over a period of many months and up to one year.
If then the re-action has once become strongly positive, we consider the best indication of cure from this point of view to be the gradual, though perhaps slow, diminution in its strength. Cases only weakly positive may become negative more quickly, often within'three months.
The details of a few actual cases will illustrate'many of the points we have raised:
Case No. i.-Male with synovitis of both knees. intermittently led to a result of + (i.e., no marked drop) ; gonococci were still present, and vaccine together with milk therapy was commenced. Five months later the result was + + and gonococci were still present in the discharges. Two months later still the reaction was + +, but at the end of that period gonococci could no longer be found. After a further twelve months' interval (during which apparent cure had taken place), the reaction had fallen to ±. A further period of two and a half years was required before a cleanly negative result was obtained. Throughout this time there was no question of reinfection or continued infection.
Case No. 7.-Case of gonorrhoea in a female with a history of six weeks or less, reaction negative. During five months' treatment the reaction rose to ±, gonococci being present throughout that time. The patient then defaulted for eight months, and the reaction was found to be + + at the end of that period. Three months' treatment followed, but the reaction remained + +, gonococci being found on every occasion that examinations were made. Further default then occurred, and the reaction was then found to be + +. Again the patient was treated for three months and again she defauted for ten months, the reaction remaining + +. A further six months' treatment was given, gonococci were present throughout, and the reaction was then found to be + ±. During the next five months' treatment gonococci could not be found constantly, although it was apparent that cure was not complete. The reaction meanwhile was ±. Once more the patient defaulted for seven months, and on her return the result of the test was + ±, and gonococci were again found quite easily and constantly. After a further period of intensive treatment lasting five months, cure became apparent, both clinically and bacteriologically, and at the end of the period the test gave a result equivalent to negative. Watched for a further period of several months this patient showed no sign of relapse.
Case 
